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The present invention relates to terpene derivative com 
pounds and rosins and siZing compositions comprising such 
compounds. Compounds of Formula (I) are disclosed in addi 
tion to rosins and siZing compositions comprising com 
pounds of Formula (I). Fiber glass strands comprising a plu 
rality of glass ?bers at least partially coated With sizing 
compositions comprising compounds of Formula (I) are also 
disclosed. 
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COMPOUNDS, ROSINS, AND SIZING 
COMPOSITIONS 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims priority to, and incorporates by 
reference in full, the following application of Applicant: US. 
Provisional Patent Application No. 60/726,012, ?led Oct. 12, 
2005, entitled “Compounds, Rosins, and Sizing Composi 
tions.” 

FIELD OF INVENTION 

The present invention relates to terpenoid compounds and 
rosins comprising terpenoid compounds. Some embodiments 
of terpenoid compounds and rosins comprising terpenoid 
compounds of the present invention can ?nd application in 
siZing compositions operable to at least partially coat ?bers 
such as glass ?bers. 

BACKGROUND OF THE INVENTION 

Diterpenoids are a class of compounds found in Wood 
extractives of many tree species and can be generally grouped 
into tWo subclasses comprising abietanes and pimeranes. 
Abietane-type acids have an isopropyl chain at the C-l3 posi 
tion While primerane-type acids have methyl and vinyl sub 
stituents at this position. Wood extractives comprising abiet 
ane and primerane acids can comprise natural rosins. 

Several different types of natural rosins exist, including 
Wood rosins, gum rosins, and tall oil rosins. Wood, gum, and 
tall oil rosins, hoWever, are produced by various processes. 
Wood rosins, for example, are produced via a multistage 
puri?cation and re?ning process involving solvent extraction 
of pine Wood chips folloWed by solvent- solvent re?ning of the 
crude rosin extract. Gum rosins, nevertheless, are generally 
produced by a single stage ?ash distillation process Wherein 
the terpene (turpentine) fraction is volatiliZed leaving the 
rosin as a bottoms product. Tall oil rosins are the by-products 
of the fractionation of tall oil. 

Although produced by varying processes, these natural 
rosins have similar components. Wood rosins and gum rosins, 
for example, comprise similar abietane and pimarane con 
tents. Gas chromatographic analysis reveals that Wood and 
gum rosins comprise various percentages of diterpenoid 
acids, such as pimaric acid, isopimaric acid, palustric acid, 
abietic acid, dehydroabietic acid, and neoabietic acid, in addi 
tion to other contents. 

Natural rosins comprising Wood rosins, gum rosins, and 
tall oil rosins are useful in a variety of applications. Natural 
rosins, for example, are used in binders for inks, tackifying 
resins, and pressure sensitive adhesives. 

In some circumstances, natural rosins can be modi?ed to 
demonstrate various physical and chemical properties. Modi 
?cation of natural ro sins can be accomplished through chemi 
cal modi?cation of rosin components. Diterpenoid acid com 
ponents of Wood and gum rosins as delineated above, for 
example, can be chemically modi?ed to produce chemically 
modi?ed rosins. As used herein, a chemically modi?ed rosin 
is de?ned as a rosin in Which one or more components of the 
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2 
rosin has been chemically reacted. Chemically modi?ed ros 
ins are useful in a number of applications including paper 

production processes and siZings for natural and synthetic 
?bers. One area in Which chemically modi?ed rosins and 

natural rosins ?nd application is in the treatment of glass 
?bers. 

Various chemical treatments exist for glass-type surfaces 

such as glass ?bers to facilitate their processability as Well as 

their interaction With other substances or media. In glass ?ber 

applications, a coating composition or siZing composition is 
applied to at least a portion of individual glass ?laments to 

protect the ?laments from abrasion and to assist in processing 

of the ?laments. As used herein, the terms “siZing composi 
tion,” “sizing,” “binder composition,” “binder,” or “siZe” refer 
to a coating composition applied to glass ?laments or glass 
?bers. SiZing compositions may provide protection through 
subsequent processing steps, such as those Where the ?bers 
pass by contact points in the Winding of the ?bers and strands 
onto a forming package, drying the aqueous-based or solvent 
based siZing composition to remove the Water or solvent, 
tWisting from one package to a bobbin, chopping in a Wet or 

dry condition, roving into larger bundles or groups of strands, 
unWinding for use as a reinforcement, and other doWnstream 

processes. 

In addition, siZing compositions can play a dual role When 
placed on ?bers that reinforce polymeric matrices in the pro 
duction of ?ber-reinforced plastics. In such applications, the 
siZing composition provides protection and also can provide 
compatibility betWeen the ?ber and the matrix polymer or 
resin. Glass ?bers, for example, in the forms of Woven and 
nonWoven fabrics and mats and rovings have been used With 

various matrices, such as therrnosetting and thermoplastic 
resins, as reinforcing components. In such applications, it can 
be desirable to produce favorable interfacial interactions 
betWeen the glass ?ber and the polymer matrix While also 
facilitating processing and manufacturing considerations. 

SiZing compositions can contain a variety of chemical 
species Wherein each of the individual chemical species per 
forms one or more functions. A siZing composition, for 

example, may comprise ?lm forming agents that facilitate 
spreading of the siZing composition across the glass surface to 
ensure homogenous coating. SiZing compositions can also 
comprise coupling agents Which promote favorable interac 
tion of a glass surface With various matrices. In addition to 

?lm forming and coupling agents, siZing compositions can 
comprise various ionic or non-ionic lubricants, biocides, anti 
static agents, antifoaming agents, and/or Wetting agents. 

Diterpenoid compounds and natural and chemically modi 
?ed rosins comprising such compounds can provide a number 
of desirable characteristics When coated on a glass ?ber. 

Disadvantages under some circumstances currently exist, 
hoWever, With some diterpenoid compounds and related ros 
ins comprising these compounds. Diterpenoid derivatives and 
related rosins, for example, can be expensive and di?icult to 
manufacture. 

It Would be desirable to provide other terpenoid com 
pounds and derivatives and rosins comprising such com 
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pounds and derivatives. It Would additionally be desirable to 
provide sizing compositions comprising such terpenoid com 
pounds and derivatives. 

SUMMARY 

Embodiments of the present invention comprise a diterpe 
noid derivative compound of Formula I. 

Formula (I) 

R9 
0 

R10 

0 

OH 

Wherein 

R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, and R11 are the same 
or different and are independently selected from the group 
consisting of: 

(a) hydrogen, 
(b) alkyl, 
(c) alkenyl, 
(d) alkynyl, 
(e) alkoxy, 
(f) thioalkyl, 
(g) NHz; 
(h) alkyl-amine, 
(i) alkenyl-amine, 
(j) amide, 
(k) hydroxyl, 
(l) alkyl-OH 
(m) alkenyl-OH 
(n) COOH, 
(o) alkyl-COOH, and 
(p) alkenyl-(COOH) 

Wherein n is an integer ranging from 1 to 180. 
As used herein, the terms “alkyl,” “alkenyl,” and “alkynyl,” 

are meant to encompass straight chain and branched struc 
tures. The term “alkoxy” is meant to encompass any ‘OR 
group Wherein R is alkyl, alkenyl, or alkynyl as de?ned above. 
The term “thioalkyl” is meant to encompass an alkyl group 
having at least one sulfur atom Wherein alkyl has the de?ni 
tion provided above. Moreover, terms “alkyl amine” and 
“alkenyl amine” are intended to encompass primary, second 
ary, and tertiary amines Wherein alkyl and alkenyl have the 
de?nitions provided above. The chemical nomenclature used 
herein is meant to be interpreted by one of skill in the art, and, 
therefore, any deviations and combinations of this type of 
nomenclature is also Within the abilities of those of skilled in 
the art to interpret. Accordingly, this type of nomenclature is 
not to be applied to combinations that Would result in an 
unrealistic molecule or substituent. 
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4 
In some embodiments, the present invention provides ros 

ins comprising compounds of Formula (I). Rosins compris 
ing compounds of Formula (I) can also comprise compounds 
found in natural rosins and/or compounds found in chemi 
cally modi?ed rosins. 

In some embodiments, the present invention provides a 
siZing composition comprising a compound of Formula (I). In 
some embodiments, a siZing composition of the present 
invention comprises a chemically modi?ed rosin comprising 
a compound of Formula (I). In some embodiments, a siZing 
composition of the present invention can further comprise a 
natural rosin. 
The present invention additionally provides glass ?bers at 

least partially coated With a siZing composition comprising a 
compound of Formula (I). Moreover, the present invention 
provides ?ber glass strands that comprise at least one glass 
?ber at least partially coated With a siZing composition com 
prising a compound of Formula (I). Coated glass ?bers and 
?ber glass strands of the present invention can be used in a 
variety of applications including, Without limitation, screens, 
tapes, ?ooring products, aviation composite materials, aero 
space composite materials, fabrics for machines applications, 
WindoW shades, braided products, scrim fabrics, ?lters, and 
others. 

Glass ?bers and ?ber glass strands coated With a siZing 
composition comprising a compound of Formula (I) can 
advantageously be compatible With a variety of different res 
ins, thermosetting resins, and other resins. In some embodi 
ments, glass ?bers and ?ber glass strands coated With siZing 
compositions of the present invention can additionally exhibit 
desirable physical characteristics. Non-limiting examples of 
such physical characteristics can include an acceptable num 
ber of broken ?laments, desirable abrasion resistance, desir 
able air drag, desirable strand integrity, or desirable strand 
friction. Glass ?bers and ?ber glass strands coated With siZing 
compositions of the present invention do not necessarily pos 
sess each or any of the foregoing physical characteristics, 
although some embodiments of siZing compositions coated 
on glass ?bers and ?ber glass strands can provide one or more 
of these characteristics. Various physical characteristics can 
be important depending on the end use application and the 
processing required to use glass ?bers and ?ber glass strands 
in such applications. 

These and other embodiments of the present invention are 
described in greater detail in the detailed description of the 
invention Which folloWs. 

DETAILED DESCRIPTION 

For the purposes of this speci?cation, unless otherWise 
indicated, all numbers expressing quantities of ingredients, 
reaction conditions, and so forth used in the speci?cation are 
to be understood as being modi?ed in all instances by the term 
“about.” Accordingly, unless indicated to the contrary, the 
numerical parameters set forth in the folloWing speci?cation 
are approximations that can vary depending upon the desired 
properties sought to be obtained by the present invention. At 
the very least, and not as an attempt to limit the application of 
the doctrine of equivalents to the scope of the claims, each 
numerical parameter should at least be construed in light of 
the number of reported signi?cant digits and by applying 
ordinary rounding techniques. 

Notwithstanding that the numerical ranges and parameters 
setting forth the broad scope of the invention are approxima 
tions, the numerical values set forth in the speci?c examples 
are reported as precisely as possible. Any numerical value, 
hoWever, inherently contains certain errors necessarily result 
ing from the standard deviation found in their respective 
testing measurements. Moreover, all ranges disclosed herein 
are to be understood to encompass any and all subranges 
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subsumed therein. For example, a stated range of “l to 10” 
should be considered to include any and all subranges 
between (and inclusive of) the minimum value of l and the 
maximum value of 10; that is, all subranges beginning With a 
minimum value of l or more, eg 1 to 6.1, and ending With a 
maximum value of 10 or less, e.g., 5.5 to 10. Additionally, any 
reference referred to as being “incorporated herein” is to be 
understood as being incorporated in its entirety. 

It is further noted that, as used in this speci?cation, the 
singular forms “a,” “an,” and “the” include plural referents 
unless expressly and unequivocally limited to one referent. 

Further, When the phrase “up to” is used in connection With 
an amount of a component, material, or composition in the 
claims, it is to be understood that the component, material, or 
composition is present in at least a detectable amount (e.g., its 
presence can be determined) and may be present up to and 
including the speci?ed amount. 

Embodiments of the present invention relate to compounds 
of Formula (I) as set forth above, Wherein R1, R2, R3, R4, R5 , 
R6, R7, R8, R9, R10, and R11 are the same or different and are 
independently selected from the group consisting of: 

(a) hydrogen, 
(b) alkyl, 
(c) alkenyl, 
(d) alkynyl, 
(e) alkoxy, 
(f) thioalkyl, 
(g) NHZ, 
(h) alkyl-amine, 
(i) alkenyl-amine, 
(j) amide, 
(k) hydroxyl, 
(l) alkyl-OH 
(m) alkenyl-OH 
(n) COOH, 
(o) alkyl-COOH, and 
(p) alkenyl-(COOH) 

Wherein n is an integer ranging from 1 to 180. 
In some embodiments, the present invention comprises 

compounds of Formula (I) Wherein R1, R2, R3 , R4, R5 , R6, R7, 
R8, R9, R10, and R11 are the same or different and are inde 
pendently selected from the group consisting of: 

(a) hydrogen, and 
(b) alkyl. 
In some embodiments, the present invention comprises 

compounds of Formula (I), Wherein R4, R5, R6, R7, and R11 
are methyl groups and R1, R2, R3 , R8, R9, and R10 are the same 
or different and are independently selected from the group 
consisting of: 

(a) hydrogen, 
(b) alkyl, 
(c) alkenyl, 
(d) alkynyl, 
(e) alkoxy, 
(f) thioalkyl, 

NHZ: 

R4 R5 

HOOC 

(H) 

20 

25 

(h) alkyl-amine, 
(i) alkenyl-amine, 
(j) amide, 
(k) hydroxyl, 
(l) alkyl-OH 
(m) alkenyl-OH 
(n) COOH, 
(o) alkyl-COOH, and 
(p) alkenyl-(COOH) 
In some embodiments, the present invention comprises 

compounds of Formula 1, as set forth above, Wherein R1, R2, 
R3, R4, R5, R6, R7, R8, R9, R10, and R11 are the same or 
different and are independently selected from the group con 
sisting of: 

(a) hydrogen, 
(b) alkyl, 
(c) alkenyl, 
(d) alkynyl, 
(e) alkoxy, 
(f) thioalkyl, 

(h) alkyl-amine, 
(i) alkenyl-amine, 
(j) amide, 
(k) hydroxyl, 
(l) alkyl-OH 
(m) alkenyl-OH 
(n) COOH, 
(o) alkyl-COOH, and 
(p) alkenyl-(COOH) 

0 . . . . . 

wherein n is an integer selected from the ranges prov1ded1n 
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Table I beloW. 

TABLE I 

Ranges for n in Compounds of Formula I 
RANGE 

l-l80 
l-l20 
l-lOO 
l-50 
l-30 
5-50 
8-30 

General considerations for selecting a value for n can include 
achieving acceptable Water-dispersability properties of com 
pounds of Formula (I) as Well as providing desirable ?lm 
forming properties. In some embodiments, larger values of n, 
for example, can increase the hydrophilic character of some 
compounds of Formula (I) thereby increasing their Water 
dispersability. 
The folloWing is an example of a reaction mechanism for 

synthesis of some embodiments of compounds of Formula 
(1)1 

Formula (I) 

R4 R5 

HOOC 

R7 
1,2 H-shift 

(III) 
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-continued 

R4 R5 
o 

HOOC HC C| 
—> 

R7 + II >0 4+2Cycloaddition 
HC—C 

II 
R8 0 

(III) 
0 

(1V) 

R7 

R8 

(V) 
+ 

O 

R1 O R8 0 

OM OM 
R2 R9 

R3 R10 

(VI) (VII) 

R8 R9 

0% R10 
0 

OH 

0 o — R11 \/\{O/\.]; 

0 

R1 
0 

R2 R3 

Abietic acid of formula (II) undergoes a 1,2 hydrogen shift In some embodiments, the anhydride moiety of compound 
to provide a compound of formula (III). The compound of (IV) can be esteri?edWithapolyethylene glycol or an alkoxy 
formula (III) can be subsequently reacted With maleic anhy- lated polyethylene glycol, including monoalkoxylated poly 
dride or a suitable dienophilic derivative thereof, in a [4+2] 65 ethylene glycols such as (MPEG), of suitable molecular 
cycloaddition reaction (Diels-Alder reaction) to produce Weight. Molecular Weights for polyethylene glycols and 
compound (IV). alkoxylated polyethylene glycols that can be used in some 
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embodiments of the present invention are provided in Table II 
below. As With the n values discussed above in connection 
With Table I, similar considerations can be important in 
selecting a molecular Weight of polyethylene glycols or 
alkoxylated polyethylene glycols that can be used to synthe 
siZe some embodiments of compounds of the present inven 
tion. Table II is a list of exemplary ranges. 

TABLE II 

Molecular Weight Ranges for Polyethylene Glycols and Alkoxylated 
Polyethylene Glycols for the Synthesis Compounds of Formula I 

MOLECULAR WEIGHT RANGES* 

300-8000 
300-4600 
300-3000 
300-1500 
300-1000 
300-750 

* gmol 

In some embodiments, polypropylene glycols and poly(l,4 
butanediols) having molecular Weights similar to those listed 
in Table II are suitable for esterifying the anhydride moiety of 
compound (IV). In some embodiments, carbitol [2-(2 
ethoxyethoxy)-ethanol] and carbitol derivatives, such as 
butyl carbitol (diethylene glycol monobutyl ether), are suit 
able for esterifying the anhydride moiety of compound (IV). 
Some embodiments of the present invention additionally con 
template various other diols and polyols suitable for esterify 
ing the anhydride moiety of compound (IV). 

The esteri?cation of the anhydride moiety yields com 
pound (V). Compound (V) can be reacted With tWo equiva 
lents of a glycidyl ester (VI), (VII) in ring opening reactions 
to produce a compound of Formula (I). In some embodiments 
of the present invention, glycidyl esters (VI), (VII) in the 
synthetic scheme above can be the same or different. In some 
embodiments, glycidyl esters can comprise alkyl glycidyl 
esters such as glycidyl stearate, glycidyl butyrate, and gly 
cidyl neodecanoate as Well as alkenyl glycidyl esters such as 
glycidyl methacrylate, and derivatives thereof. In some 
embodiments, glycidyl esters comprising phenyl or aryl moi 
eties, such as glycidyl cinnamate, glycidyl benZoate, gly 
cidyl-4-tert-butyl benZoate, and derivatives thereof, might be 
used. Conversely, in other embodiments, glycidyl esters used 
in esteri?cation might not include glycidyl esters comprising 
phenyl or aryl moieties. 

In some embodiments of the present invention, the starting 
compound (II) in the synthetic scheme above can comprise 
palustric acid, 7-oxopalustric acid, and/or 7-oxo-l l,l2-dihy 
droxy-8,l3-abietadien acid. Moreover, in some embodi 
ments, the dienophile in the [4+2] cycloaddition reaction can 
comprise maleic acid, itaconic acid, or fumaric acid. 

In embodiments of the present invention, the reaction 
sequence provided above can yield reaction products in addi 
tion to those of Formula (I). In some embodiments, for 
example, the anhydride moiety can be di-esteri?ed With a 
polyethylene glycol producing a compound having tWo poly 
ethylene glycol chains. The resulting compound may further 
react With one equivalent of glycidyl ester at the remaining 
free carboxylic acid functionality. In some embodiments, the 
anhydride moiety can be di-esteri?ed With any combination 
of suitable esteri?cation chemical species provided above. 

Embodiments of compounds of Formula (I) can exhibit a 
Wide range of physical and chemical properties facilitating 
their use in many applications, including, Without limitation, 
siZing compositions. In some embodiments of the present 
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10 
invention, physical and chemical properties of compounds of 
Formula (I) can be varied and/or tailored according to the 
chemical identities of Rl-Rll. In some applications, for 
example, compounds With hydrophobic properties may be 
desirable. In some embodiments of the present invention, the 
hydrophobicity of a compound of Formula (I) may be 
increased by selecting the identity of any and/or all of the 
substituents Rl-Rll to comprise hydrophobic chemical spe 
cies such as alkyl, alkenyl or alkynyl groups. In some embodi 
ments, alkyl, alkenyl, and alkynyl groups comprising exten 
sive chain branching or increased numbers of carbon atoms 
may be chosen to increase the hydrophobic character of com 
pounds of Formula (I). The hydrophobicity of compounds of 
Formula (I) may additionally be increased by selecting 
smaller values for n resulting in shorter polyethylene glycol 
chains. 

Similarly, in some applications, compounds With hydro 
philic properties may be desirable. In some embodiments of 
the present invention, the hydrophilicity of compounds of 
Formula (I) may be increased by selecting the identity of any 
and/or all of the substituents R1 -R1 1 to comprise more hydro 
philic chemical species such as alkoxy groups, alkyl-amines, 
alkenyl-amines, amides, hydroxyl, alkyl-OH, alkenyl-OH, 
carboxyl, alkyl-COOH, and/or alkenyl-COOH. The hydro 
philicity of compounds of Formula (I) may additionally be 
increased by selecting larger values for n resulting in longer 
polyethylene glycol chains. 

In some applications, compounds With both hydrophobic 
and hydrophilic properties may be desirable. In some 
embodiments, compounds of Formula (I) may be produced 
having hydrophobic regions and hydrophilic regions. In one 
embodiment, for example, substituents Rl-R3 can be selected 
from hydrophobic chemical species While substituents 
RS-Rl0 can be selected from more hydrophilic chemical spe 
cies or vice versa. In some embodiments, substituents Rl-R3 
and RS-Rl0 can be selected from hydrophobic chemical spe 
cies, such as alkyl, alkenyl or alkynyl groups, and a value of 
n can be chosen to produce a polyethylene glycol chain With 
increased hydrophilicity. Alternatively, substituents Rl-R3 
and RS-Rl0 canbe chosen from hydrophilic chemical species, 
such as alkoxy groups, alkyl-amines, alkenyl-amines, 
amides, hydroxyl, alkyl-OH, alkenyl-OH, carboxyl, alkyl 
COOH, and/or alkenyl-COOH, and a value of n can be 
selected to produce a more hydrophobic polyethylene glycol. 

In embodiments of the present invention, the chemical 
identity of each sub stituent, R1 -R1 l, is independently selected 
and there are no requirements of substituent symmetry in 
compounds of Formula (I). In some embodiments, for 
example, substituents Rl-R3 are not collectively identical to 
or symmetrical With substituents Rs-Rlo. Moreover, in some 
embodiments, compounds of Formula (I) do not comprise an 
aryl ether or phenyl ether moiety. In some embodiments, 
compounds of Formula (I) do not comprise an aryl or phenyl 
substituent or moiety. 

In some embodiments, at least one substituent, R1 -R1 1, can 
comprise an alkyl, alkenyl, alkynyl, or alkoxy group. In some 
embodiments, alkyl, alkenyl, alkynyl, and alkoxy groups can 
comprise up to 20 carbon atoms in straight chain and/or 
branched structures. In some embodiments, at least one of 
Rl-Rll is an alkyl, alkenyl, alkynyl, or an alkoxy group com 
prising up to 20 carbon atoms. While it is contemplated that 
that alkyl, alkenyl, alkynyl, and alkoxy groups of the present 
invention can comprise greater than 20 carbon atoms, exceed 
ing this number may result in reduced aqueous solubility 
properties. In some embodiments of the present invention 
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Where aqueous solubility is not applicable, alkyl, alkenyl, 
alkynyl, and alkoxy groups can comprise greater than 20 
carbon atoms. 

In some embodiments alkyl, alkenyl, alkynyl, and alkoxy 
groups comprise at least 10 carbon atoms in straight chain 
and/or branched structures. In some embodiments, at least 
one of Rl-Rl 1 is an alkyl, alkenyl, alkynyl, or an alkoxy group 
comprising at least 10 carbon atoms. 

In some embodiments, alkyl, alkenyl, alkynyl, and alkoxy 
groups comprise at least 6 carbon atoms in straight chain 
and/or branched structures. In some embodiments, at least 
one of Rl-Rl 1 is an alkyl, alkenyl, alkynyl, or an alkoxy group 
comprising at least six carbon atoms. 

In some embodiments, alkyl, alkenyl, alkynyl, and alkoxy 
groups comprise l to 10 carbon atoms in straight chain and/or 
branched structures. In some embodiments, at least one of 
Rl-Rl l is an alkyl, alkenyl, alkynyl, or an alkoxy group com 
prising l to 10 carbon atoms. 

In some embodiments of the present invention, alkyl, alk 
enyl, alkynyl, and alkoxy groups comprise between 10 and 20 
carbon atoms in straight chain and/or branched structures. In 
some embodiments, at least one of R1 -R1 l is an alkyl, alkenyl, 
alkynyl, or an alkoxy group comprising 10 to 20 carbon 
atoms. 

In some embodiments, alkyl, alkenyl, alkynyl, and alkoxy 
groups comprise betWeen 6 and 10 carbon atoms in straight 
chain and/or branched structures. In some embodiments, at 
least one of Rl-Rll is an alkyl, alkenyl, alkynyl, or an alkoxy 
group comprising 6 to 10 carbon atoms. 

In some embodiments alkyl, alkenyl, alkynyl, and alkoxy 
groups comprise between 1 and 6 carbon atoms in straight 
chain and/or branched structures. In some embodiments, at 
least one of Rl-Rll is an alkyl, alkenyl, alkynyl, or an alkoxy 
group comprising 1 to 6 carbon atoms. 

In some embodiments, alkyl and alkenyl groups having up 
to 20 carbon atoms may further comprise at least one nitrogen 
atom producing alkyl-amines and alkenyl amines. Similarly, 
alkyl and alkenyl groups having up to 20 carbon atoms may 
further comprise at least one sulfur atom producing thioalkyl 
and thioalkenyl groups. In some embodiments, alkyl and 
alkenyl groups having up to 20 carbon atoms may further 
comprise at least one carboxyl functionality (COOH) produc 
ing alkyl-COOH and alkenyl-COOH. Moreover, alkyl and 
alkenyl groups having up to 20 carbon atoms may further 
comprise at least one hydroxyl functionality producing alkyl 
OH and alkenyl-OH. 
Some embodiments of the present invention comprise ros 

ins comprising compounds of Formula (I). Rosins compris 
ing compounds of Formula (I) can further comprise com 
pounds found in natural ro sins and compounds found in other 
chemically modi?ed rosins. For example, rosins comprising 
compounds of Formula (I) can be mixed With natural rosins 
and/or other chemically modi?ed rosins in some embodi 
ments. In some embodiments, compounds of Formula (I) can 
be added to natural rosins. In some embodiments, abietane 
components of natural rosins can be chemically modi?ed to 
produce chemically modi?ed rosins comprising compounds 
of Formula (I). In some embodiments, compounds of For 
mula (I) can be added to other chemically modi?ed rosins, 
Wherein the addition of the compounds of Formula (I) does 
not accord the rosin its chemically modi?ed classi?cation. 
Compounds of Formula (I) can have a number of uses. One 

example of a use of compounds of Formula (I) is in the 
coating of glass ?bers as part of a siZing composition. As 
noted earlier, compounds of Formula (I) can be part of a rosin 
or a mixture of rosins in some embodiments, and the rosin can 
be used in siZing compositions for glass ?bers. Compound of 
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Formula (I) as Well as rosins comprising compounds of For 
mula (I) can be combined With other components to form a 
siZing composition as knoWn to those of skill in the art. 
As used herein, the term “siZing composition” refers to a 

coating composition applied to ?ber glass ?laments and may 
be used interchangeably With the terms “binder composition,” 
“binder,” “sizing,” and “size.” In one non-limiting embodi 
ment, a siZing composition of the present invention can be 
compatible With a large number of resins, including thermo 
setting resins, thermoplastic resins, and other polymeric res 
ins. In one non-limiting embodiment, siZing compositions of 
the present invention are useful on ?ber glass to be used in 
polyvinyl chloride (PVC) coating applications. 
As noted above, in some embodiments, compounds of 

Formula (I) can be combined With other components to pro 
duce a siZing composition of the present invention. Additional 
components, in some non-limiting embodiments, can com 
prise one or a plurality of coupling agents, cationic lubricants, 
anionic lubricants, non-ionic lubricants, biocides, antistatic 
agents, anti-foaming agents, and Wetting agents. Examples of 
coupling agents, lubricants, biocides, antistatic agents, anti 
foaming agents, Wetting agents, and other components and 
amounts thereof, operable to be mixed With compounds of 
Formula (I) to produce siZing compositions according to 
some embodiments of the present invention are set forth in 
United States Patent Publication No. 2005/0100734Al, 
Which is hereby incorporated by reference in its entirety. 
Compounds of Formula (I), or rosins comprising compounds 
of Formula (I), can be used as the rosin in the siZing compo 
sitions described in Publication No. 2005/ 0100734Al to 
comprise some embodiments of siZing compositions of the 
present invention. In some embodiments, compounds of For 
mula (I), or rosin comprising compounds of Formula (I), can 
be used in combination With other rosins described in Publi 
cation No. 2005/0100734Al to form various embodiments 
siZing compositions of the present invention. 

In some embodiments, natural rosins and/or chemically 
modi?ed rosins comprising compounds of Formula (I) can be 
combined With other components to produce some embodi 
ments of siZing composition of the present invention. Natural 
and/or chemically modi?ed rosins comprising compounds of 
Formula (I), for example, can be mixed With coupling agents, 
lubricants, and/or other components to form some embodi 
ments of siZing compositions of the present invention. 
Some embodiments of the present invention can addition 

ally provide glass ?bers and ?ber glass strands at least par 
tially coated With siZing compositions comprising com 
pounds of Formula (I). Moreover, some embodiments of the 
present invention can provide ?ber glass strands that can 
comprise at least one glass ?ber at least partially coated With 
a siZing composition comprising a compound of Formula (I). 
While some embodiments of the present invention Will be 
discussed generally in the context of their use in the produc 
tion, assembly, and application of glass ?bers, one of ordinary 
skill in the art Would understand that the present invention can 
be useful in various coatings and in the processing of other 
textile materials. 

Persons of ordinary skill in the art Will recogniZe that some 
embodiments of the present invention can be implemented in 
the production, assembly, and application of a number of 
glass ?bers. Non-limiting examples of glass ?bers suitable for 
use in the present invention can include those prepared from 
?beriZable glass compositions such as “E-glass”, “A-glass”, 
“C-glass”, “S-glass”, “ECR-glass” (corrosion resistant 
glass), and ?uorine and/or boron-free derivatives thereof. 
Typical formulations of glass ?bers are disclosed in K. Loe 
Wenstein, The Manufacturing Technology of Continuous 
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Glass Fibres, (3d Ed. 1993). Some embodiments of the 
present invention can be particularly useful in the production, 
assembly, and application of glass ?bers prepared from 
E-glass compositions. 

Various embodiments of ?ber glass strands of the present 
invention can have one or more desirable properties. For 

example, non-limiting embodiments of ?ber glass strands can 
be at least partially coated With a sizing composition com 
prising a compound of Formula (I) that can result in the at 
least partially coated ?ber glass strand being compatible With 
a number of resins While exhibiting desirable levels of broken 
?laments, desirable abrasion resistance, desirable strand 
integrity, desirable strand friction, or other properties, as Well 
as various combinations thereof. The desired level of a par 

ticular property may depend on the application or end use. For 
example, relatively loW strand friction may be desirable for 
some applications With a large number of contact points. 

In some embodiments, ?ber glass strands comprise at least 
one glass ?ber at least partially coated With a siZing compo 
sition of the present invention. The formation of ?ber glass 
strands and the application of siZing compositions to glass 
?bers are generally knoWn to those of skill in the art. Addi 
tional information regarding the formation of ?ber glass 
strands and the application of siZing compositions to glass 
?bers can be found in paragraphs [0074]-[0080] of United 
States Patent Publication No. 2005/0100734A 1, Which is 
hereby incorporated by reference. This excerpt also sets forth 
various, exemplary characteristics of ?ber glass strands (e.g., 
number of ?laments per strand, ?lament diameters, LOI, etc.) 
according to some embodiments of the present invention. 

Some embodiments of ?ber glass strands at least partially 
coated With siZing compositions of the present invention can 
advantageously be compatible With a variety of resins based 
in part on the siZing composition. Embodiments of siZing 
compositions of the present invention Which utiliZe a plurality 
of different silanes can assist in facilitating this multi-resin 
compatibility. Non-limiting examples of therrnosetting resins 
With Which the siZing compositions of the present invention 
may be compatible include diallyl phthalates, cycloaliphatic 
epoxides, epoxies, furans, melamines, phenolics, polybuta 
dienes, polyester, crosslinked polyethylenes, and polyimides. 
Non-limiting examples of thermoplastic resins With Which 
the siZing compositions of the present invention may be com 
patible include nylon, polycarbonate, polybutylene tereph 
thalate, polyethylene, polypropylene, polyvinyl chloride, 
polyvinyl chloride plastisol, and urethane. Non-limiting 
examples of other polymeric resins With Which the siZing 
compositions of the present invention may be compatible 
include acrylics, cellulosics, neoprenes, nitriles, nitrocellulo 
ses, polyamides, polyethers, polyole?ns, polysul?des, poly 
urethanes, polyvinyl butyral, silicone, styrene-butadiene, 
urea-formaldehyde, and vinyls. 
Due to the compatibility of the siZing compositions and the 

?ber glass strands of the present invention, the ?ber glass 
strands can be used in a Wide range of applications including, 
for example, screens, tapes, ?ooring products, aviation com 
posite materials, aerospace composite materials, fabrics for 
marine applications, WindoW shades, braided products, scrim 
fabrics, ?lters, and others. Such products can be formed from 
?ber glass strands of the present invention using techniques 
knoWn to those of ordinary skill in the art. 
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Some embodiments of the present invention Will noW be 

illustrated in the folloWing speci?c, non-limiting examples. 

EXAMPLE 1 

Synthesis of a Species of Formula (I) 

A species of Formula (I) Was prepared by chemically modi 
fying abietane components of a natural rosin. 50 grams of 
maleic anhydride Were added to a solution of 200 grams of 
Planebras Gum Rosin, available from BFB Enterprises, Inc., 
Panama City Beach Fla. The gum rosin and maleic anhydride 
Were reacted at 180° C. for three hours under nitrogen. The 
temperature of the reaction mixture Was subsequently cooled 
to 150° C. Where 375 grams of a methoxypolyethylene glycol 
having a molecular Weight of about 750 g/mol, such as CAR 
BOWAXTM MPEG 750 available from DoW Chemical of 

Midland, Mich., and 1 gram of KOH Were added to the 
reaction mixture. The reaction mixture Was then raised to 
200° C. The resulting reaction mixture Was maintained under 
nitrogen. The reaction mixture Was cooled to 140° C. and 150 

grams of a glycidyl neodecanoate, such as Cardura E-10P 
from Resolution Performance Products, Was added to the 
reaction mixture. After addition of the glycidyl ester, the 
temperature of the reaction mixture increased to 190° C. The 
reaction temperature Was brought to 200° C. and kept at 200° 
C. for one hour. The result of this synthesis is a chemically 
modi?ed rosin. One of the reaction products in the chemically 
modi?ed rosin is the following compound of Formula (VIII): 

Formula (VIII) 

It is to be understood that the amounts of reactants and 
solvents in the synthesis described above can be varied Within 
the skill of one in the art. Moreover, the synthesis of com 
pounds of Formula (I) is not limited to that described above as 
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the foregoing procedure is an example of one synthetic route 
according to one embodiment of the present invention. 

EXAMPLE 2 

Sizing Composition Comprising a Compound of 
Formula (VIII) 

The chemically modi?ed rosin of Example 1 comprising a 
compound of Formula (VIII) Was combined With additional 
chemical species delineated in Table III to produce a siZing 
composition according to one embodiment of the present 
invention. 

TABLE III 

3 0- gallon Formulation 

% of 
Component Amount Solids 

Water 3.0 gallons 0% 
for Rosin 
Rosinl 5510 grams 80% 
Hot Water for Lubricant 0.5 gallons 0% 
Lubricant2 343 grams 5% 
Cold Water for First Silane 0.5 gallons 0% 
Acetic Acid3 31 grams 0% 
First Silane4 269 grams 4% 
Cold Water for Second Silane 0.5 gallons 0% 
Acetic Acid5 31 grams 0% 
Second Silane6 269 grams 4% 
Cold Water for Third Silane 0.5 gallons 0% 
Acetic Acid7 15 grams 0% 
Third $113368 138 grams 2% 
Waxg 1491 grams 5% 
Defoamerl0 46 grams 0.1% 
Biocidell 1.5 grams 0% 

Total Solids = 100.0% 

lChemically modi?ed rosin from Example 1. 
2EMERY 6717 partially amidated polyethylene imine from Cognis Corpora 
tion of Cincinnati, Ohio. 
3Generic glacial acetic acid. 
4A-174 gamma-methacryloxypropyltrimethoxysilane from OSi Specialties 
of TarrytoWn, NY. 
5 Generic glacial acetic acid. 
6A-187 gamma-glycidoxypropyltrimethoxysilane from OSi Specialties of 
TarrytoWn, NY. 
7Generic glacial acetic acid. 
8A-1100 gamma-aminopropyltriethoxysilane from OSi Specialties of Tarry 
toWn, NY. 
gProtolube HDA high density polyethylene Wax from Bayer Corporation of 
Pittsburgh, PA. 
l0SAG 10 defoamer, Which is a silicon-based antifoam emulsion from OSi 
Specialties of TarrytoWn, NY. 
1 CL-2141 biocide, Which is a Water-based MBT (methylene-bis-thiocyan 
ate) from ChemTreat Inc. 

A siZing composition comprising the ingredients in Table 
111 may be prepared by ?rst adding Water (at approximately 
60° F.-80o F.) for the rosin to a premix bucket and beginning 
agitation. The rosin Was then added to the Water and agitated 
for ten minutes to disperse the rosin. The rosin Was then 
transferred to a main mix tank. 

Hot Water for the lubricant Was then added to a premix 
bucket With agitation. The lubricant Was added to the hot 
Water and agitated for ten minutes to disperse the lubricant. 
The lubricant dispersion Was then added to the main mix tank. 

For the ?rst silane, cold Water Was ?rst added to a premix 
bucket and agitation Was begun. The acetic acid Was then 
added to the cold Water With agitation. The A-174 silane Was 
then added to the acidi?ed cold Water and agitated for ?ve 
minutes or until the solution Was clear-blue in color. The ?rst 
silane solution Was then transferred to the main mix tank. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
For the second silane, cold Water Was ?rst added to a 

premix bucket and agitation Was begun. The acetic acid Was 
then added to the cold Water With agitation. The A-187 silane 
Was then added to the acidi?ed cold Water and agitated for ?ve 
minutes or until the solution Was clear. The second silane 
solution Was then transferred to the main mix tank. 

For the third silane, cold Water Was added to a premix 
bucket and agitation Was begun. The acetic acid Was then 
added to the cold Water With agitation. The A-1 100 silane Was 
then added to the acidi?ed cold Water and agitated for ?ve 
minutes or until the solution Was clear. The third silane solu 
tion Was then transferred to the main mix tank. 

The Wax, defoamer, and the biocide Were then sequentially 
added to the main mix tank. Cold Water Was added to the main 
mix tank to dilute the siZing composition to a ?nal volume of 
thirty (30) gallons. The main mix tank Was agitated for ten 
minutes. The siZing composition had a total percent solids of 
8.0% and a pH of4.5. 

It is to be understood that the present invention is not 
limited to the siZing composition described above. SiZing 
compositions of the present invention comprising com 
pounds of Formula (I) and chemically modi?ed rosins com 
prising compounds of Formula (I) can comprise a variety of 
different silanes, coupling agents, lubricants, Waxes, defoam 
ers, biocides, etc. depending on the desired end use of the 
siZing composition. The siZing composition described above 
is a example of one embodiment of a siZing composition of 
the present invention. 

Desirable characteristics, Which can be exhibited by the 
present invention, include, but are not limited to, the provi 
sion of compounds of Formula (I) that are readily available 
and less costly to produce than other terpene compounds; the 
provision of natural rosins and chemically modi?ed rosins 
comprising compounds of Formula (I); the provision of siZing 
compositions comprising a compounds of Formula (I) that 
can have improved compatibility With a variety of resins; the 
provision of ?ber glass strands coated With a siZing compo 
sition that can have improved compatibility With a variety of 
resins; the provision of siZing compositions that can reduce 
the number of broken ?laments observed during the manu 
facture of ?ber glass strands; the provision of ?ber glass 
strands that can exhibit reduced broken ?laments during 
manufacture; the provision of ?ber glass strands comprising a 
plurality of glass ?bers coated With a siZing comprising a 
chemically modi?ed rosin Wherein the glass strands are com 
patible With a Wide variety of resins for encapsulation, 
impregnation, reinforcement, or coating; the provision of 
?ber glass strands that can exhibit reduced broken ?laments 
during doWnstream processing; the provision of a siZing com 
position, that upon at least partially coating ?ber glass strand, 
can result in the ?ber glass strand exhibiting improved fric 
tional properties; the provision of ?ber glass strands that can 
exhibit improved frictional properties; the provision of ?ber 
glass strands coated With a siZing composition that can pay 
out more consistently resulting in feWer breakouts; the pro 
vision of ?ber glass strands coated With a siZing composition 
that can demonstrate improved resistance to abrasion during 
manufacture and doWnstream processing; the provision of 
?ber glass strands coated With a siZing composition that can 
exhibit high strand integrity; the provision of siZing compo 
sitions that can reduce the costs of manufacturing ?ber glass 
strands; the provision of ?ber glass strands coated With a 
siZing composition that can exhibit adequate tensile 
strengths; the provision of ?ber glass strands coated With a 
siZing composition that can improve productivity during 
doWnstream processing; and others. 
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Various embodiments of the invention have been described 
in ful?llment of the various objects of the invention. It should 
be recognized that these embodiments are merely illustrative 
of the principles of the present invention. Numerous modi? 
cations and adaptations thereof Will be readily apparent to 
those skilled in the art Without departing from the spirit and 
scope of the present invention. 

That Which is claimed is: 
1. A compound of the formula: 

R9 
0 

R10 

R1 
0 

Wherein 
R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, and R1 l are the same 

or different and selected from the group consisting of: 
(a) hydrogen, 
(b) alkyl, 
(c) alkenyl, 
(d) alkynyl, 
(e) alkoxy, 
(f) thioalkyl, 

NHZ: 
(h) alkyl-amine, 
(i) alkenyl-amine, 
(j) amide, 
(k) hydroxyl, 
(l) alkyl-OH 
(m) alkenyl-OH 
(n) COOH, 
(o) alkyl-COOH, and 
(p) alkenyl-(COOH) 

Wherein n is an integer ranging from 1 to 180. 
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2. The compound of claim 1, Wherein n is an integer rang 

ing from 8 to 30. 
3. The compound claim 1, Wherein R4, R5, R6, R7, and R1 l 

are methyl groups. 
4. The compound of claim 1, Wherein at least one of R1 -R1 1 

is an alkyl, alkenyl, alkynyl, or alkoxy group. 
5. The compound of claim 1, Wherein at least one of R1 -R1 1 

is an alkyl, alkenyl, alkynyl, or alkoxy group comprising up to 
20 carbon atoms. 

6. The compound of claim 1, Wherein at least one of R1 -R1 l 
is an alkyl, alkenyl, alkynyl, or alkoxy group comprising at 
least six carbon atoms. 

7. The compound of claim 1, Wherein at least one of R1 -R1 l 
is an alkyl, alkenyl, alkynyl, or alkoxy group comprising at 
least 10 carbon atoms. 

8. The compound of claim 1, Wherein at least one of R1 -R1 1 
is an alkyl, alkenyl, alkynyl, or alkoxy group comprising 10 to 
20 carbon atoms. 

9. The compound of claim 1, Wherein at least one of R1 -R1 1 
is an alkyl, alkenyl, alkynyl, or alkoxy group comprising 6 to 
10 carbon atoms. 

10. The compound of claim 1, Wherein the compound does 
not comprise an aryl ether group. 

11. A rosin comprising the compound of claim 1. 
12. The rosin of claim 11, Wherein the rosin further com 

prises a natural rosin. 
13. The rosin of claim 11, Wherein the rosin further com 

prises a second chemically modi?ed rosin. 
14. A siZing composition comprising the compound of 

claim 1. 
15. A siZing composition comprising a rosin comprising 

the compound of claim 1. 
16. The siZing composition of claim 15, Wherein the rosin 

comprises a natural rosin or a chemically modi?ed rosin. 
17. The siZing composition of claim 15, Wherein the rosin 

comprises a chemically modi?ed rosin. 
18. The siZing composition of claim 17, further comprising 

a natural rosin. 

19. A ?ber glass strand comprising at least one glass ?ber 
at least partially coated With a siZing composition comprising 
the compound of claim 1. 

20. A ?ber glass strand comprising at least one glass ?ber 
at least partially coated With a siZing composition comprising 
a rosin comprising the compound of claim 1. 

* * * * * 


